r 

AD-A104  190 

UNCLASSIFIED 


NEW  MEXICO  STATE  UNIV  LAS  CRUCES  PHYSICAL  SCIENCE  LAB  F/©  9/5 

DEVELOPMENT  OF  LARGE  CYLINDRICAL  STRIPLINE  ANTENNA  ARRAYS. (U) 

JUN  81  H  D  WEINSCHEL'  A  WATERMAN  F19628-70-C-0052 

PD-00990  AFGL-TR-81-0181  NL 


HttFILECORf  $  A 1 0  4 1 9  0 


AFGL  -TR-81-0181 


DEVELOPMENT  OF  LARGE  CYLINDRICAL  STRIPLINE  ANTENNA  ARRAYS 

Henry  Weinschel 
Al  Waterman 


Physical  Science  Laboratory 
New  Mexico  State  University 
Box  3-PSL 

Las  Cruces,  New  Mexico  88003 


24  June  1981 


Final  Report  for  Period  February  1978  -  January  1981 


Approved  for  Public  Release;  distribution  unlimited. 


AIR  FORCE  GEOPHYSICS  LABORATORY 
AIR  FORCE  SYSTEMS  COMMAND 
UNITED  STAGES  AIR  FORCE 
Hanscom  AFB,  Massachusetts  01731 


9  7  A  fio- 

v 


Qualified  requestors  may  obtain  additional  copies  from  the 
Defense  Technical  Information  Center.  All  others  should 
apply  to  the  National  Technical  Information  Service. 


_ _ Unclassified _ 

SECURITY  CLASSIFICATION  of  This  PACE  fWfcan  Dmtm  Ent.r.rf) 


■. /?,  REPORT  DOCUMENTATION  PAGE 

*^*85-*-  Z.  GOVT  accession 

AFOLfTR-8l-Jll81> 

«.  title  (mta  SubtltU) 

(  Development  of  Large  Cylindrical 
Stripline  Antenna  Arrays, 


sire  READ  INSTRUCTIONS 

_ _ before  completing  form 

2.  GOVT  ACCESSION  NO.I  3.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  O*  REPORT  *  PERIOD  COVERED 

Final  Jfep«rt  . 

'  FebflB9S978  —  LinflMBWSl 


17.  AUTHORf.J 


Henry  D./weinschel 
Alexander/ Waterman 


19.  PERFORMING  ORGANIZATION  NAME  ANO  AOORESS 

Physical  Science  Labowttsry  / 

Box  3-PSL  V  ’ _ 621  OIF 

New  Mexico  State  Univ.,  Las  Cruces,  NM  88003  7659plAJ 


PJgTCR*nNG  ORG.  REPORT  NUMBER 

I  V,  P  1^30990  I 

'  M->.-  <Qupp*ct  6r  grant  number (•> 

/  '/  F19628-78-C-0052  .  , U 


10.  PROGRAM  £LEM*XT.  PROJECT,  TASK 
AREA  S  PORK  UNIT  NUMBERS 


II.  CONTROLLING  OFFICE  NAME  ANO  AOORESS  12.  REPORT  GATE 

Air  Force  Geoohvsics  Laboratory  '  dunRBPBl  /,  ( 

Hanscom  APB,  Massachusetts  01731  ;  is.  mums'eVTof  palls"" . mlmmmm 

Contract  Monitor:  Raymond  E.  Wilton:  I  CR  69 

I*.  MONITORING  AGENCY  NAME  i  AOORE IsflTSuimM  1mm  Controlllns  O/flcaJ  IS.  SECURITY  CLASS.  (»t  ibl.  npan) 

line  lassi  f  led 


IS«.  DECLASSIFICATION/  DOWNGRADING 
SCHEDULE 


ns.  DISTRIBUTION  STATEMENT  (of  c/ll R  Report) 


A  -  Approved  for  public  release;  distribution  unlimited 


j  17.  DISTRIBUTION  STATEMENT  (ot  thm  mkotrmct  ttxfrmd  in  Stock  20.  It  diftmront  from  Rmpon) 


18.  SUPPLEMENTARY  NOTES 


Previously  produced  related  publications  under  tins  contract  appear  in 
Appendices  D  and  E. 


I  19.  KEY  WOROS  (Continum  on  r**«ri«  uda  it  nmcmmmmry  and  tdontHy  by  block  number) 


Strip! ine  S-Band 

Antenna  Cylindrical  antenna  arrays 

Array  Kncapsnlated  antennas 


F.lect r icnl  1  v  small  antennas 
Corporate  harness 


ZQ.  ABSTRACT  mk  r#w«i*  ft  ncM»«r  «■*  tdmutfr  fry  block  rnm%brnr) 

I'lie  Physical  Science  Laboratory,  New  Mexico  State  University  has  conducted  re¬ 
search  and  development  studies  of  antenna  designs  under  contract  to  the  Air 
Force  Geophysics  Laboratory.  The  studies  included  the  development  stripline 
telemetry  antenna  arrays  for  large  diameter  missiles.  Klectr ica 1 lv  small 
antennas  at  530  MHz.  encapsulated  S-Band  antennas  for  small  spherical 
sate  1 1 i tes . 


DO  ,r,A 


EDITION  OF  »  NOV  IS  IS  OBSOLETE 


_ Hnc 1  ass i f i ed _ 

SECURITY  CLFillFIC  VTI-W  0*  -S'SU»r,t 


TABLE  OF  CONTENTS 


Page  No. 


1.0  INTRODUCTION  .  1 

2.0  ANTENNA  DEVELOPMENT  .  1 

2 . 1  Overview .  1 

2.2  The  Model  55.205  Antenna  .  1 

2.3  The  Model  55.1405  Antenna  .  2 

2.4  The  Model  55.1505  Antenna  .  2 

2.5  The  Model  55.2005  Antenna  .  2 

2.6  The  Ten  Inch  Diameter  Sphere .  2 

2.7  The  Model  67.004  Antenna  .  3 

3.0  STRIPLINE  ANTENNA  FABRICATION  PROCEDURE  .  3 


APENDICES 


Appendix  A  List  of  Figures  .  A- 1 

Appendix  B  Antennas  developed  under  eontiact  F19628-78-C-0052  .  .  B-l 

Appendix  C  Antennas  shipped  during  the  report  period  .  C- 1 

Appendix  D  Cumulative  index  to  the  quarterly  reports  .  D-l 

Appendix  E  Index  of  published  scientific  reports  and  papers  .  .  .  E-l 


1.0  INTRl  i  iCTION 


This  is  the  final  report  for  the  contract  period  from  February  1978  to 
Janua  ry  1981. 

The  authors  wish  to  thank  J.  E.  Litton,  R.  Lanphere  and  other  members  of 
the  Physical  Science  Laboratory  (PSL),  Antenna  Technology  Section,  who  contrib¬ 
uted  to  the  work  reported  herein. 

2 . 0  ANTENNA  DEVELOPMENT 

2 . 1  Overview 

During  the  report  period  several  stripline  antennas  were  developed 
for  large  diameter  vehicles.  All  of  the  antennas  have  a  number  of  features  in 
common  and  in  order  to  avoid  repetitive  descriptions  those  features  will  he 
outlined  here  and  the  differences  will  be  discussed  in  the  sections  pertaining 
to  the  particular  antenna  models. 

The  unit  element  common  to  all  arrays  is  a  stripline  slot  antenna. 

The  array  is  formed  by  feeding  a  number  of  slots  with  a  stripline  corporate 
harness  which  terminates  at  the  center  junction  into  an  SMA  coaxial  launcher. 

The  constraints  on  the  harness  lengths  are  that  the  sections  between  junctions 
be  multiples  of  half  wavelengths  and  that  the  slots  be  all  fed  in  phase.  The 
optimum  design  is  the  one  that  meets  the  above  constraints  and  has  a  minimum 
harness  width.  The  number  of  arrays  used  for  a  particular  vehicle  is  determined 
by  the  vehicle  diameter.  If  more  than  one  array  is  used  the  arrays  are  fed  by 
coaxial  cable  from  a  common  junction. 

2.2  The  Model  55.205  Antenna 

The  Model  55.205  antenna  was  designed  to  be  used  with  a  17.2  inch 
diameter  vehicle.  The  antenna  is  illustrated  in  Figure  1  through  4.  The 
total  array  consists  of  two  eight  element  and  one  four  element  sub-arrays. 

The  sub-arrays  are  fed  through  a  printed  circuit  power  divider  and  coaxial 
harness.  The  power  divider  was  specially  designed  for  this  array  and  carries 
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the  designation  PSL  PWD  205.  The  antenna  is  mounted  in  a  recess  oi  the  vehicle 
and  its  surface  is  flush  with  the  O.D.  of  the  vehicle. 

2.3  The  Model  55.1405  Antenna 

The  Model  55.1405  antenna  was  designed  for  a  14  inch  diameter  vehicle. 
The  antenna  is  illustrated  in  Figures  9  and  10.  It  consists  of  two  subarrays 
of  8  elements  each.  The  antenna  surface  is  flush  with  the  O.D.  of  the  vehicle. 

2.4  The  Model  55.1505  Antenna 

The  Model  55.1505  antenna  was  designed  for  a  15  inch  diameter.  It 
is  very  similar  to  the  model  55.1405  antenna  described  in  Section  2.3,  except 
that  the  spacing  between  unit  elements  was  increased  to  accommodate  the  larger 
vehicle  diameter.  Since  the  spacing  was  only  increased  by  0.038X  at  2.25  GHz 
it  had  no  significant  effect  on  the  radiation  pattern. 

2.5  The  Model  55.2005  Antenna 

The  Model  55.2005  antenna  was  designed  for  a  20  inch  diameter  vehicle. 
The  antenna  is  illustrated  in  Figure,  21  and  22.  Three  arrays  with  eight  element 
each  are  required  for  the  20  inch  diameter  vehicle.  It  should  be  noted  that  in 
Figure  24  the  £wo  antenna  arrays  shown  at  either  end  of  the  vehicle  extension  are 
independent  antennas  that  operate  at  different  frequencies. 

2.6  The  Ten  Inch  Diameter  Sphere 

The  two  antennas  were  designed  for  the  sphere.  The  antenna  for  the 
S-Band  frequency  is  the  Model  55.511  stripline  slot  array.  The  550  MJIz  fre¬ 
quency  antenna  is  a  two  element  array  of  Model  67.006  printed  circuit  trans¬ 
mission  line  antennas.  The  antennas  are  mounted  on  a  9  inch  diam.-ter  cylinder 
which  becomes  part  of  the  sphere.  The  spherical  surface  is  obtained  by  encap¬ 
sulating  the  antennas  in  KPH  foam.  To  obtain  a  smooth  surface  the  loam  is  filled 
with  latex  paint  and  is  then  sprayed  with  plasite  paint.  The  antennas  are  illus¬ 
trated  in  Figures  27  through  30. 
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2.7  The  Model  67.004  Antenna 


The  Model  67.004  antenna  is  very  similar  to  the  Model  67.006  antenna 
described  in  Section  2.6.  It  differs  only  in  size  since  it  was  designed  for  a 
409  MHz  operating  frequency. 

3.0  STRIPLINE  ANTENNA  FABRICATION  PROCEDURE 

The  procedure  for  fabrication  is  the  same  for  all  models.  After  the 
harness  has  been  designed,  the  amberlith  master  is  cut  and  is  used  for  photo¬ 
etching  the  printed  circuit  board.  The  material  used  is  K-6098  teflon-fiber- 
glass,  .060  thick,  copper-clad  board  manufactured  by  the  3M  Company.  The 
slots  and  the  harness  are  photoetched  on  opposite  sides  of  the  same  board  which 
is  then  glued  to  a  second  board  from  which  the  copper  has  been  removed  on  one 
side  of  the  board.  During  the  gluing  process,  which  requires  both  heat  and 
pressure,  the  antenna  is  also  shaped  to  the  approximate  vehicle  diameter.  The 
array  is  then  trimmed  to  the  correct  dimensions  and  the  holes  that  constitute 
the  cavity  walls  are  drilled.  The  feed  connector  is  attached  and  the  antenna 
is  copper  plated.  After  the  copper  plating  the  antenna  receives  a  preliminary 
performance  test  after  which  it  is  nickel  plated.  The  tinal  tests  are  performed 
with  the  antenna  mounted  on  a  mockup  or  flight  vehicle  extension  for  impedance 
and  radiation  pattern  measurements. 
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Mode  I 

55 . 5  IOC 

55.511 

55.511 

55.511 

55.511 

55.511 

55.805 

55.805 

55.805 

55.805 

55.805 

55.1405 

55.1405 

55.2005 

67.006 


Vehicle 
10"  Sphere 

A08. 706-2,  10"  Sphere 
10"  Sphere 
10"  Sphere 
AC- 15 

AC-14  A10.903,  2269.5  MHz 

A08. 708-1 
A08. 708-2 

A08. 705-2 

All. 074 

A10. 901-1 
A10. 901-2 

A13.020 

A 13 . 030 

A 1 3 . 031 

A44.6S1-1  ZIP 

AC14 ,  A10.903,  10"  Sphere 
550  MHz 


CUMULATIVE  INDEX  FOR  THE  QUARTERLY  PROGRESS  REPORTS 


QUARTERLY 

Report  No. _ 

1  Mod.  55.380  for  SPICE  and  IRBS 
Unit  radiator  investigation 
Printed  circuit  dipole  investigation 

2  Mod.  55.380  for  IRBS 
Models  55.205  and  55.605 

Model  38.031  for  the  Finch,  dia.  sphere 
Layout  for  a  10  inch  dia.  sphere 
Unit  radiator  investigation 
Printed  circuit  dipole  investigation. 

3  Models  55.205  and  55.605 
Models  55-455  and  55.511 
Unit  radiator  investigation 
MSMP-2  Measurements 

Printed  circuit  dipole  investigation 

4  Model  55.205 

Model  55.1505 
Model  55.2005 

Unit  radiator  investigation 

5  Model  55.205 

Model  55.2005 
Model  55.455 
Model  55.1505 
MSMP/SPICE  Drop  Test 

6  Model  55.2005 

Model  55.1505 
Model  55.205 

Unit  radiator  investigation 

D-J 


7  Model  55.1705 
Model  67.005 

Aries  X-Band  Tracker 

Unit  radiator  investigation 

Printed  Circuit  Antenna  Workshop 

8  Model  55.1705 

Model  55-1405 
Model  67.004 

Model  PD380  power  dividers 
MSMP  Program  (TEM-2B) 

Unit  radiator  investigation 

9  Model  55.1405 

Model  55.1505 
Model  67.006 
MSMP.TEC0M  Model  106002 
MSMP-2 

10  Model  55.1405 

Model  55.1505 
Model  67.000 

U  Model  55.1405 

Model  55.1505 
Model  67 . 006 
Vehicle  No.  A!  1.701 
Vehicle  No.  10.091 
Vehicle  No.  A1  1.010 
Veh  i  c  I  o  No .  A 1  1 . 0.5 1 

12  Aries  Vehicle 

Vehicle  No  A 10. 90  1 
Sphere  AC- 14 


0-2 


PUBLISHED  SCIENTIFIC  REPORTS  AND  PAPERS 


Wilton,  R.  E.  and  A.  Waterman,  "Telemetry  Antennas  for  Large  Diameter 

Sounding  Rockets,"  AFGL-TR-79-0205 ,  Instrumentation  Papers  #280  United 
States  Air  Force,  Hanscom  AFB,  Massachusetts,  September  4,  1979. 

Waterman,  A.,  "Stripline  Antenna  Development,"  Proceedings  of  Workshop 
on  Printed  Circuit  Antenna  Technology,  October  17-19,  1979,  Physical 
Science  Laboratory,  NMSU,  Las  Cruces,  New  Mexico. 


